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Abstract— The effects of reflectors and directors on the
radiation pattern of a base station antenna are suied. A +45°
linear-polarized cross-dipole with an operating bad from 1.7
GHz to 2.7 GHz is designed as an example. The antenis then
encircled by a conducting wall constructed using vécal
reflectors to control its horizontal half-power bean-width
(HPBW). Subsequently, cross-directors are placed alve the
antenna, which provides another solution to controthe HPBW.
A parametric study is conducted, and the findings @&n serve as
design guidelines for the design of wide band basstation
antennas.
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I.  INTRODUCTION

Base station antennas are important componentsilidas
communication networks. Recent communication sesyic
such as 2G, 3G, 4G, and Wi-Fi, significantly inaeahe
demand for wide band base station antennas. Gbneral
speaking, there are two main considerations ingde®j base
station antennas, namely, the impedance bandwittrstable
radiation performance across the operating bandiod&
antenna structures with different feeding methodathieve
excellent impedance match have been reported flhe8]can
cover the frequently-used bandwidth from 1710MHz to
2690MHz. However, a more challenging job is to gesan
antenna element with stable radiation charactesistcross the
wide working band (more than 40%). To achieve stabl
radiation characteristics, magnetoelectric dipoteswe been
advocated [9]. This type of complementary anteromsists of
an electric radiator (usually dipole) and a magnetidiator
(dipole or patch) placed orthogonally. The combinadiation
pattern of the electric and magnetic radiators apgpéo be
insensitive within the require bandwidth.

Driven by the demand to further increase the space

utilization efficiency, dual-band base station antes have
been proposed [4, 5]. However, consistent radigiatterns for
the dual-band elements are hard to be maintainextti€al

solution in realizing dual-band operation is to éyptwo

groups of antenna elements working in differentdsaim one
array [10]. The antennas have to be placed closa¢b other
to save the space and suppress the side lobe lievbis case,
the antenna element working in the upper-band care ta
disturbed radiation pattern. This is due to thesgnee of
lower-band antennas as large scatterers. For bdtiese two
scenarios, it is unlikely to achieve a stable réoia
characteristic by adjusting the antenna structisedfi It is well

Fig. 1. (a) A compact dual-band base station array. (b)Higke band
antenna element for the array.

known that placing a conducting wall between argenn
elements can reduce the mutual coupling. We als@anie that



the wall can have significant effects on the radiapattern of
the antenna element.

This paper studies the effect of conducting walls te
antenna radiation patterns. The optimized condgatialls are
then used to achieve a stable radiation charatitefts base
station antennas. Firstly, a #48ual-polarized cross-dipole is
designed according to [8]. The reason to use e tof
antenna is that the dual-polarization antennas rbhecthe
mainstream solution since channel capacity cannbareed,
and the cross-dipole is one of the popular and [@om
structures [11]. The obtained antenna has a vergle wi
bandwidth covering the frequently-used working bémod 1.7

to 2.7 GHz. But the horizontal HPBW is unstable and

increasing with frequency. Then, by employing \etti
reflectors around the antenna, the consistencyh@fHPBW
can be enhanced. In addition, another solutionointrolling
HPBW is proposed by employing director above theeba
station antenna element. Parameter sweeps onrtfension of
the directors are given and design consideratigorésented.
Stable HPBW across the wideband is achieved wittmixed
directors. This can actually provides additionalgrde of
freedom in controlling HPBW when employed togethgth
conducting walls.

Il. HPBW CONTROL

A. Antenna Element

Fig. 1 shows a configuration of the antenna element

consisting of two orthogonally placed dipole anesinThe
height of the dipole antenna seating on a basectefl is38
mm (approximately quarter-wavelength at the centrgqueacy
2.2 GHz). Such an antenna structure is able toewmehan
excellent impedance match (VSWR<1.5) from 1.7 ib@Hz,
due to the mutual coupling between the dipole arftse
detailed balun structure and matching method ar@msented
here, but can be found in [8]. Due to the grounteatf
introduced by the base reflector, the horizontaBMPof the
dipole increases with frequency dramatically, fr661 at 1.7
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Fig. 2. Horizontal HPBW of the antenna element encircled by
conducting wall.
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Fig. 3. Horizontal HPBW of the antenna employing directors.

director for Yagi antennas, they are separated fiteendipole
arm of 26 mm, approximately 0.2 wavelengths at déstre
frequency. By optimizing the lengti.)(and width §) of the
directors, the resonant frequency of the directars be tilted,

GHz to 94 at 2.7 GHz. The horizontal HPBW is a crucial Which reduces the HPBW of the antenna in certaguency

performance indicator for base station antennasiandually
required to stabilize around %5The following subsections

ranges.
Fig. 3 shows the HPBW of the antenna with diffeleaind

present two methods to manipulate the HPBW withou according to the figure, it is noticed that thieedtor length

changing the configuration of the antenna.

B. Conducting Walls Composed by Reflectors

As shown in Fig. 1(b), conducting walls (verticaflectors)
perpendicular to the base reflector are employedirat the
base station antenna. The walls can have signifiegiects on
the radiation pattern, mainly depending on the wi/) and
height (P) of the walls. Fig. 2 depicts the vadas of the
HPBW in the working band with different dimension$
conducting walls. By introducing the conducting Malthe
HPBW is reduced for higher frequencies due to ot that the
formed cavity can centralize the radiation power.

Following conclusions have been summarized accgrttin
the parameter sweep. Firstly, a lower conductindl wan

L is the dominant parameter in controlling the HPBMis is
due to the fact that the resonant point of thecttireis manly
determined by the length. In this design, we aretrying to
obtain a director resonant at the working bandhefadntenna.
For example, wheih= 50 mm, the directors resonant around
2.7 GHz. In this case, the directors’ ability ohtalizing the
power around 2.7 GHz is very powerful, thereby legdo a
significantly reduced HPBW. However, if the diracie too
short (30 mm), their capacity of reducing the HPBMtoo
weak. In this case, the HPBW of the antenna stiésgup at
higher frequencies. To obtain a stable HPBW, theénoped
solution is to have the directors with= 40 mm, where the
directors resonant at 3.5 GHz. In addition, thethidf the
cross-directors also affects the HPBW, which presid

introduce a smooth variation of the HPBW. Secondlyadditional degree of freedom in optimization. A yeteady

conducting wall with different width can result $significantly
changed HPBW. By optimizingV and P, a rather stable
HPBW can be obtained. The HPBW can be stabilizéxiden
60° to 70 with a W= 120 mm, andP= 20 mm. Another
advantage of the conducting wall is that it reducagual
coupling from other antennas when several anteraras
formed into an array.

C. Directors

Another effective method to control HPBW is to eaypl
directors above the antenna. As shown in Fig. 1€o)ss
directors are introduced above the antenna elerhé. the

HPBW of 67+3° is obtained by employing cross-directors with
L=40,5= 2.

I1l. CONCLUSION

A study on the effects of reflectors and directors the
horizontal HPBW of a dual-polarized base stationemma
element is conducted. It is found that the HPBW loareasily
manipulated by constructing conducting walls arouthe
antenna element or by placing director above thenaa
element. With the optimized conducting walls ancdectors,
the antenna element can have a much more stabileihia
HPBW than before without changing the configuratainthe



antenna itself. The results could be useful inglésg compact
dual-band base station antenna arrays. Our futumd will

focuses on combining the two methods together toomdy

control the HPBW but also provide shielding for eamta
elements, which can reduce the distortion in ramligbattern in
array environment.
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